Sulfur partition by process stages of metallurgical production of JSC EVRAZ NTMK by Savelyev, M. V. et al.
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
15th International Conference on Industrial Manufacturing and Metallurgy










Sulfur partition by process stages of metallurgical production 
of JSC EVRAZ NTMK 
M V Savelyev1, 5, O Yu Sheshukov2, 3, A A Metelkin4, O I Shevchenko4,  
A S Tkachev1 and S V Shmakov1, 4 
1 EVRAZ NTMK, ul. Metallurgov, 1, Nizhnij Tagil, Sverdlovskaya oblast, 622025, 
Russia 
2 Ural Federal University named after the First President of Russia B N Yeltsin, 19, 
Mira str., Yekaterinburg, 620000, Russia 
3 Metallurgical Institute of Ural Branch of the Russian Academy of Sciences, 101, 
Amundsena str., Yekaterinburg, 620016, Russia 
4 Ural Federal University named after the First President of Russia B N Yeltsin, 
Nizhniy Tagil Technological Institute, 59, Krasnogvardeyskaya str., Nizhniy Tagil, 
622000, Russia 
E-mail: 5 maxim.savelev@evraz.com 
Abstract. The current level of development of the industry requires the manufacture of steel 
with high purity in relation to detrimental impurities. Sulfur is one of such impurities that 
significantly reduces the service properties, the content of which is strictly regulated in the 
finished product. Deep desulfurization may be achieved through development of cross-cutting 
technology of metal production as a single process including agglomeration and blast-furnace 
process and steelmaking. Sulfur partition by metallurgical process stages via conversion from 
raw materials of the blast-furnace process to steel continuously cast blank is studied in this 
work. It is shown that removal of sulfur from the half-finished product at the desulfurization 
plant will not provide the required sulfur content (less than 0.005 %) in the steel ingot. It is 
determined that the activity plan comprising treatment of the half-finished product at the 
desulfurization plant, smelting in the converter, treatment of steel at the ladle furnace unit and 
then in the vacuum vessel is required to obtain the final content of sulfur of less than 0.005%.  
1.  Introduction 
Modern consumer of metallurgical products imposes increasingly demanding requirements to the 
produced steel quality. Sulfur is subjected to the strictest limitations on content in metal [1]. 
Significant number of theoretical and practical works is dedicated to deep desulfurization of metal in 
order to obtain low sulfur content in the finished products. This direction has special actuality for 
production of high-strength steels (pressure vessels, oil and gas pipes of large diameter [2–4]), sheet 
steels for deep drawing [5, 6], reinforcement steels [7, 8], as well as mass-produced steels [9, 10]. 
Steels with the regulated low sulfur content are required for aviation, power and transport engineering, 
construction and other industrial fields [11–13]. 
Normally increase of requirements to steel properties outstrips development of processing methods 
aimed at improvement of metal purity. As a result, it is necessary to search for combinations of 
efficient methods of refining for all types of process stages of metallurgical production. Currently, not 
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a single type of metallurgical raw materials is used without preliminary preparation, which allows to 
carry out measures for sulfur removal at the stage of preparing the charge materials for blast-furnace 
smelting [14, 15]. Behavior of sulfur during agglomeration of iron-ore materials is well-studied, 
therefore, in case of correct process organization, a high sulfur removal rate will be achieved ensuring 
structural and other characteristics of agglomerated materials. Major part of work for removal of sulfur 
from metal is carried out in the blast-furnace process and during cast iron treatment afterwards. 
Continuous mode of desulfurization implemented in the blast furnace is the most efficient among all 
periodic processes offered alternatively. Cast iron quality becomes particularly important for the stage 
of converter operation where the possibilities of sulfur removal are limited [16–19]. 
Steel treatment at ladle furnace unit is an integral part of production of high-quality metal [16]; the 
technology provides induction of new high-basic free-running slag. Final concentration of sulfur in 
steel reduces together with increase of slag layer and its main basicity. Duration of argon blowing of 
the melt, increase of blowing rate and steel temperature result in reduction of sulfur concentration. 
Desulfurization conditions will deteriorate in case of increase of initial sulfur concentration and slag 
oxidation [17]. 
Special place of sulfur among other impurities included in steels is related to its impact on 
mechanical properties. Increase of sulfur content induces red shortness, decreases impact hardness, 
corrosion resistance, electric properties, and deterioration of plastic properties results in mass faulty 
production during stamping of deep-drawing hollow parts of sheet steel [1, 11, 18]. 
2.  Theoretical data 
Sulfur has unlimited solubility in the liquid iron (up to 38 % if its content in FeS is 36.5 %) and 
limited solubility in the solid iron: in γ-Fe at 1365 оС ~0.055%, and in α-Fe at 900 оС ≤0.015% and at 
room temperature ~0.0001 % [1]. At transition of metal from liquid state to solid state, solubility of 
sulfur in it sharply decreases and continues to decrease at cooling of solid metal from crystallization 
temperature to room temperature. That is, hardening and cooling of metal with high sulfur content will 
lead to eutectic and release of FeS iron sulfide from the solid solution. 
Fe-FeS eutectic has a low melting point (985 oC) compared to the temperature of the solidus of 
steel. In the presence of oxygen due to the formation of oxysulphides, eutectic crystallization occurs at 
even lower temperature. Presence of liquid state along grain boundaries in combination with 
contraction stresses of ingot and deformations of forging, rolling, etc. will lead to formation of cracks. 
Such phenomenon has been termed the ‘red shortness’. Sulfur may also have a negative influence on 
impact hardness of steel at low temperatures (less than –30 оС), embrittling metal. High sulfur content 
leads to sharp anisotropy of properties in the finished rolled products (Figure 1) [1]. Anisotropy of 
mechanical characteristics which depend on the mutual orientation of sulphide inclusions (orientation 
of sample relating to direction of rolling) is mostly demonstrated at plastic properties of metal, for 
example, relative elongation, relative reduction and especially impact hardness. 
However, the Figure 1 shows that if sulfur content is less than 0.005 %, impact hardness of steel in 
transverse samples is significantly lower than in transverse ones, i.e. metal according to its properties 
becomes homogeneous at full volume.  
Consequently, sulfur content of the metal, which does not influence the homogeneity of its 
properties is taken as not more than 0.005 %. However, in order to guarantee the absence of influence, 
its content must be even less and must not exceed 0.0001 % – the limit of dissolution of this element 
in iron at standard conditions [1]. 
Finished steel in some quantity contains all impurities that are part not only of metallic melting 
stock, but also of the slag and gas phases and lining, so the sulfur content in the final product depends 
on both the technology of production and the raw materials used. Conversion in metallurgy usually 
means the processing of material in which the chemical or phase composition of the product 
significantly changes its physical and mechanical properties. In order to achieve the required results in 
removing sulfur from the metal, it is necessary to analyze the main sources of sulfur input to the melt, 
15th International Conference on Industrial Manufacturing and Metallurgy














Figure 1. Dependence of impact hardness of 
aluminum deoxidized steel on content of 
sulfur determined for longitudinal (I) and 
transverse (II) samples of rolled products at 
room temperature. 
3.  Research results 
The classical steel production scheme includes the following stages: 
1. Obtaining of ore concentrate (ore production, sinter and pellets production. 
2. Blast-furnace process (cast iron production). 
3. External cast iron desulfurization. 
4. Basic oxygen furnace process, steel production. 
5. Steel processing in ladle furnace unit (LFU). 
6. Metal processing at decreased pressure units. 
7. Steel teeming in continuous-casting machines (CCMs). 
At each stage, the sulfur content in metal will change, depending on the physical and chemical 
processes in the melting facility. 
Depending on the chemical composition of cast iron, several special technological options are used 
to convert it into steel. JSC EVRAZ NTMK implemented vanadium conversion – processing of 
vanadium cast iron into steel and vanadium slag. The classic scheme is distinguished by the presence 
of a duplex process – a two-stage conversion. The first stage consists in extracting vanadium from cast 
iron and converting it as an oxide phase into slag. The result of this stage is the production of half-
finished product (de-vanadium cast iron) and vanadium slag. After vanadium extraction, the molten 
metal with carbon content of 2.6–3.5 % goes to the converter for processing to obtain steel with a 
given chemical composition – this is the second stage. Between two stages of conversion, the half-
finished product can be delivered to the desulfurization plant. Change of sulfur content in metal in 
stages of metallurgical conversion is given in Table 1. 
Graphically the change of sulfur content and the degree of its change for conversion of production 
are presented in Figures 2 and 3. 
The data presented in the figures show that the sulfur content after treatment at the desulfurization 
plant is 0.0068%, which is not sufficient to eliminate the effect of detrimental impurities on the service 
properties of the products. The minimum sulfur content in metal reaches the value of 0.0039% only 
with the complete metal treatment complex in the extra-furnace steel processing units – the ladle-
furnace unit and the circulation vacuum vessel.  
In order to study the sulfur partition (LS) between metal and slag in the LFU, let us compose a 
system of equations (1)–(3). 
𝑀 ×  [S]0 + 𝑚 × (S)0 = 𝑀 × [S]𝑓 + 𝑚 × (S)𝑓   (1) 
Where (S)0 – initial sulfur content in slag (which is taken equal to zero); [S]0 – initial sulfur content in 
metal; [S]f – final sulfur content in metal; (S)f – final sulfur content in slag; М – average heat weight 
(152.0 tons); m – mass of slag generated in the steel-pouring ladle of the LFU (1.98 tons). 
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Table 1. Sulfur partition in stages of manufacture of steel in case of different technology options. 
Stages of manufacture of 
steel 
Sulfur content in metal or raw materials, % wt. 
Without treatment at the 
desulfurization plant 
With treatment at the 
desulfurization plant 
– 




Treatment at the 
circulation 
degassing plant 
Obtaining of ore concentrate 
and fuel for blast furnace 
Ore…………………………….…..0.006 
Sinter and pellets (IORM)..….……0.009  
Coke………………………………0.59  
Pulverized coal fuel…………….…0.34 
Blast-furnace process 0.0249 
Converter process 1. 0.0244 
Desulfurization of half-
finished product 
– – 0.0068 0.0068 
Converter process 2. 0.0196 0.0206 0.0083 0.0085 
LFU (beginning of 
treatment) 
0.0192 0.0196 0.0084 0.0086 
LFU (end of treatment) 0.012 0.0126 0.0046 0.0057 
Circulation vacuum vessel – 0.008 0.0039 0.0057 
CCM 0.012 0.008 0.0039 0.0057 
𝐿s =  
(S)𝑓
[S]𝑓 




               (3) 
whereλ – mass ratio of slag and metal. 







     (4) 
Let us apply the formula 4 and the data of Table 1 for calculation of average values of the sulfur 
partition coefficient between metal and slag. Let us compare the calculated value LS=47.0 with the data 
of sources [1] (LS = 50–100) and [20] (LS ≈50–250). Despite the ‘satisfactory’ final sulfur content in 
metal (less than 0.005%), the steel manufacture technology including such stages as the treatment of 
the half-finished product at the desulphurization plant and the treatment of steel in the LFU and 
vacuum vessel, has reserves for the removal of sulfur. By adjusting the composition of the LFU slag, it 
is possible to increase their desulphurization capacity. 
4.  Conclusion 
Thus, the current level of development of the industry requires the manufacture of steel with high 
purity in relation to detrimental impurities. Sulfur is one of the impurities that significantly reduces the 
service properties and the content of which in the finished product is strictly regulated. Deep 
desulfurization may be achieved through development of cross-cutting technology of metal production 
as a single process including agglomeration and blast-furnace process and steelmaking. Sulfur 
partition by metallurgical process stages via conversion from raw materials of the blast-furnace 
process to steel continuously cast blank is studied in this work. It is shown that removal of sulfur from 
the half-finished product at the desulfurization plant will not provide the required sulfur content (less 
than 0.005 %) in the steel ingot. It was determined that the activity plan comprising treatment of the 
half-finished product at the desulfurization plant, smelting in the converter, treatment of steel at the 
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ladle furnace unit and then in the vacuum vessel is required to obtain the final content of sulfur of less 
than 0.005%. According to the study of sulfur partition coefficient between metal and slug, despite the 
low final sulfur content in metal, this technology has reserves related to desulfurization achieved by 




Figure 2. Diagram of sulfur partition in stages of manufacture of JSC EVRAZ NTMK, I– melts 
treated at the desulfurization plant, II – melts treated at the circulation vacuum vessel.Sulfur content 
in stages of manufacture: 1–in ore; 2 – in sinter; 3 – in cast iron; 4 – in half-finished product; 
5 – desulfurization plant; 6 – at point of discharge from converter; 7 –deoxidation-alloying;  
8 – treatment in LFU; 9 – treatment at RH. 
 
 
Figure 3. Changes in the sulfur content partition coefficient in stages of manufacture of 
JSC EVRAZ NTMK: 1 –Sintering production; 2 –Cast iron production; 3 –Vanadic conversion;  
4 –Desulfurization of half-finished product; 5 –Steel conversion; 6 –Deoxidizing agents;  
7 –Treatment at LFU; 8 –Treatment at RH. 
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